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rNTRODUCnONl 

I n  the f a l l  o f  1972, t h e  Laramie Energy Research Center o f  the Eureau o f  
Mines (now the  Energy Research! and D e v e 4 o p m t  Administrat ion')  i n i t i a i t e d  an- +n 
S i t u  Coal g a s d f i c a t i o n  exper iment l;n: Manna, Wyoming. 
a s c e r t a i n  if a. low-Btu gas whdch4 woulcl be c o m p e t i t i v e  with a t h e r  energy sources 
cou ld  be producedi u s i n g  present technol'ugy. I f  such a process were f e a s i b l e  i t  
c o u l d  Drovide an. a l t e r n a t h  t u  €he hazards, c o s t l y  t r a n s p o r t a t i o n ,  and environ- 
mental o b j e c t i o n s  o f  c u r r e n t  coaT minrng technoTogy. 

The idea o f  underground coal' g a s i f i c a t i o n  i s  over a hundred years  o l d  and 
has been t r i e d  i n  severa l  d t f f e r e n t  count r ies ,  with t h e  l a r g e s t  exoeriments i n  
t h e  USSR, Great B r i t a i n  and t h e  U. S. These exoeriments showed t h a t  g a s i f i c a t i o n  
was p o s s i b l e  and a combust ib le f u e l  c o u l d  be produced. y e t  t h e  B r i t i s h  and U. S. 
t r i a l s  were determined t o  be economica l l y  i m p r a c t f c a l  a t  t h e  t ime t h e y  were 
conducted. Although i n f o r m a t i o n  i s  sketchy, t he  USSR i s  p r e s e n t l y  genera t ing  
e l e c t r i c i t y  f r o m  Tow-Btu gas generated v i a  i n  s i t u  g a s i f i c a t t o n .  It i s  claimed 
t h a t  t h i s  power i s  generated a t  costs compet i t i ve  w i t h  coa l  f i r e d  power p lan ts .  

The ab jec t i 8ve  was tu 

OESCRIPTIrn OF THE UNDERGROUND C4SIFICATION EXPERIMENT 

The Hanna, Wyoming, experiment (1-3) was conducted in; a subbituminous coa l  
seam t h i r t y  f e e t  thdxk a t  a, depth 05 f o u r  hundred> feet. 
w e l l s  was drCLled i n t a  t h e  seam ta take rdvantage o f  the  na tu ra l  f r a c t u r e s  and 

€y of t h e  coal, 
as the  g a s i f i c a t f o n  agent. 
ob ta ined whPch Tasted f r o m  September 1973 through February 1974. 
month period, gas analyses were taken a long w i t h  o t h e r  o p e r a t i n g  data.  
B t u  gas averaging approximately 130 B t u / s c f  was Droduced and the produc t ion  was 
c o n t r o l l e d  t o  some degree by v a r y i n g  pressure and f l o w  ra tes  o f  t h e  a i r  i n j e c t e d  
and the gases produced, 

I n  c a j u n c t i o n  with low-Etu qas product ion,  a 1 iqui.d product was condensed 
from the  gas stream. 
l a y e r  o r  coal t a r .  T h i s  coa? t a r  Has been es t imated to conta in  5% o f  the  t o t a l  
energy produced from the i n  s t t u  system- Th is  coal t a r  r a i s e d  t h r e e  quest ions.  
What was i t s  value as m p e t m t e u m s u b s t i t u t e ,  e i t h e r  as a f u e l  o r  as  a petrochemical 
feedstock? What in fo rmat ion i  c o u l d  be der ived  from t t r i s  coal: t a r  concerning. r e a c t i o n  
c o n d i t i o n s  occur r ing  in. the  m a l  seam? Did  t h e  coal t a r  con ta in  compounds which 
may l e a d  t o  environmentaT damage? Charac ter iza t ion  of these coal tars was there-  
f o r e  undertaken i n  an a t tempt  t o  answer these questions. 

Pd pattern o f  s i x t e e n  

I n  March 1973. t he  c w T  was Sgni ted and a i r  was supp l ied  
A f t e r  i n i t i a l  s t a r t - u p  ct s teady-s ta te  system was 

Dur ing  t h i s  s i x -  
A low- 

The major p a r t  was water b u t  approximately 10% was a 0  organ ic  

I 

i 



Sample 1 I August 4, 1973 

Hydrogen 9.53, 
Argon 1.17 
N i t rogen 55.62 
Me thane 9.62 
Carbon Monoxi de 0.80 
Ethane 0 . 8 1  
Carbon Diox ide 21.90 
Propane 0.16 
Propene 
n-Butane 
iso-Butane I 0.05 
Hydrogen S u l f i d e  0.23 

Heat ing Val ue 154 B t u / s c f  

I ::A; 

a 

The h igh r a t i o  o f  methane t o  carbon monoxide i n  t h e  produc t  gas on t h e  
c o l l e c t i o n  date f o r  Sample 1 i n d i c a t e s  t h a t  carbon iza t ion  i s  the  pr imary  r e a c t i o n  
mode. Conversely, t h e  low r a t i o  o f  methane t o  carbon monoxide on t h e  c o l l e c t i o n  
da te  f o r  Sample 2 i n d i c a t e s  t h a t  g a s i f i c a t i o n  was o c c u r r i n g  t o  a g rea ter  degree. 

Sample 2 
December 10, 1973 

16.14 
1.01 

53.84 
3.74 
6.94 
0.26 

17.91 
0.08 

0 
0 
0 

0.05 

119 B t u / s c f  

Expe r imen t a l  

Nonaqueous t i t r a t i o n  o f  n i t r o g e n  was performed i n  a c e t i c  anhydr ide and benzene 
w i t h  HC104 as descr ibed b y  B u e l l  ( 4 ) .  
15 '  x .18" 15% TRITON X-305 on a Gaschrom P column. 
a flow r a t e  of 46 ml/min STP, i s o t h e r m a l l y  a t  l l ) O ° C  f o r  16 min, then a Z°C/min 

GLC ana1,vses o f  t a r  bases were done on a 
Wi th a he l ium c a r r i e r  gas, 

i 

I 

I 

I 

I 
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i nc rease t o  22OoC, a useable separa t ion  o f  components resu l ted .  NMR s p e c t r a  were 
recorded CnaVarian HA-100 ins t rument  w i th  t h e  use o f  a Var ian C1024 (CAT) console 
f o r  one s p e c i f i c  sample. UV spec t ra  were recorded on a Beckman DB-G spectrometer 
w i t h  cyclohexane as so lvent .  
Simulated d i s t i l l a t i o n s  were performed w i t h  use o f  gas chromatography w i t h  res idue 
def ined as any m a t e r i a l  t h a t  does n o t  b o i l  below 1000°F. 
t a r  ac id ,  t a r  base and n e u t r a l  f r a c t i o n s  was accomplished by  minera l  a c i d  and 
sodium hydroxide e x t r a c t i o n  and then regenera t ion  through pH adjustment.  

by r e d u c t i v e  p y r o l y s i s  and subsequent ammonia t i t r a t i o n  i n  a microcoulometer. 
Coulometr ic s u l f u r  de termina t ion  was ob ta ined us ing  a Dohrmann ins t rument  by o x i -  
d a t i v e  p y r o l y s i s  t o  s u l f u r  d i o x i d e  and t i t r a t i o n  o f  t h e  s u l f u r  d i o x i d e  i n  a 
m i  cmcoulometer.  

Mass spec t ra  were ob ta ined on an AEI MS-12 ins t rument .  

F r a c t i o n a l i z a t i o n  i n t o  

Coulometr ic n i t r o g e n  de terminat ion  was performed on a Dohrmann ins t rument  

1 
2 

Carbonized 

COAL TAR CHARACTERIZATION 

Each sample was sub jec ted  t o  analyses by  s imu la ted  d i s t i l l a t i o n ,  nonaqueous 
t i t r a t i o n ,  and elemental a n a l y s i s ,  p lus  de terminat ion  o f  some phys ica l  p r o p e r t i e s .  
Upon separa t ion  o f  bo th  samples i n t o  t a r  base, t a r  a c i d  and n e u t r a l  f r a c t i o n s ,  
each f r a c t i o n  was then sub jec ted  t o  nonaqueous t i t r a t i o n  and cou lomet r ic  
de terminat ion  o f  n i t r o g e n  and s u l f u r .  
were separated by GLC where compound types have been assigned t o  separated components 
w i th  s p e c i f i c  s t r u c t u r e s  i d e n t i f i e d  i n  some cases. 

The t a r  base f r a c t i o n s  f rom both  samples 

30.0% 46.7% 22.0% 1.3% 0% 0% 0% 0% 
6.2 16.9 25.6 28.2 16.0 5.3 1.8 0 

0 11.3 16.3 13.1 15.2 12.4 7.5 24.2 

Simulated D i s t i l l a t i o n s  

Simulated d i s t i l l a t i o n s  showed Sample 1 t o  have a b o i l i n g  range o f  100-600°F 
The w i th  no res idue.  

percentage o f  the  coal  t a r  w i t h i n  a s p e c i f i e d  b o i l i n g  range i s  shown i n  Table 2. 
As Table 2 shows, over  50% o f  sample 2 has a b o i l i n g  d i s t r i b u t i o n  between 5OO0F 
and 7OO0F, w h i l e  sample 1 has almost 50% o f  t h e  b o i l i n g  range d i s t r i b u t i o n  between 
4OO0F and 50OoF. This  shows t h a t  sample 1 was a l i g h t e r  coal  t a r  than sample 2 
and t h a t  the  average molecu la r  we igh t  o f  sample 1 was l e s s  than sample 2. 

Sample 2 had a b o i l i n g  range o f  100-950°F w i t h  no res idue.  

TABLE 2. - B o i l i n g  Range D i s t r i b u t i o n  

1 4OO0F I 5OO0F I 600°F I 7OO0F I 8OO0F 1 900°F I 100O0F/ Residue 
100 - 400 - 500 - 600 - 700 - 800 - 900 - 

Sample 

For  comparison, t h e  b o i l i n g  range d i s t r i b u t i o n  f o r  t h e  coal  t a r  produced 
by l a b o r a t o r y  carbon iza t ion  o f  a Hanna coal  sample a t  5OO0C i s  presented. . I n  
comparing the  d i s t r i b u t i o n  o f  m a t e r i a l  dep ic ted  i n  Table 2 t h e  r e l a t i v e  amount 
o f  res idue becomes ev ident .  Samples 1 and 2 show no res idue w h i l e  n e a r l y  a f o u r t h  
o f  t h e  carbonized sample i s  res idue o r  m a t e r i a l  b o i l i n g  above 1000°F. Th is  demn- 
s t r a t e s  a unique f a c t  concerning these coal  t a r s .  Whi le t h e  underground g a s i f i c a -  
t i o n  may be s i m i l a r  t o  aboveground g a s i f i c a t i o n ,  t h e  coal  t a r s  produced i n  
underground g a s i f i c a t i o n  Since 
very l i t t l e  heavy t a r  w i l l  reach t h e  sur face ,  under these cond i t ions ,  very  l i t t l e  
i f  any res idue i s  expected, and t h e  coa l  t a r  w i l l  n o t  be e n t i r e l y  r e p r e s e n t a t i v e  
o f  the  t o t a l  t a r  generated i n  t h e  combustion zone. 

a r e  c a r r i e d  t o  t h e  sur face  as a steam d i s t i l l a t e .  
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Nonaqueous T i t r a t i o n s  

Nonaqueous t i t r a t i o n s  o f  samples 1 and 2 a r e  shown i n  Table 3. 

TABLE 3. - Nonaqueous T i t r a t i o n s  o f  Samples 1 and 2 

I 

Sample 1 0.665% WBa 0.129% VWBa 
Sample 2 0.524% WB 0.186% VWB 

aWB and VWB r e f e r  t o  weak and verv weak base 

Strong, weak, and very  weak bases a r e  d e f i n e d  by t h e i r  h a l f  n e u t r a l i z a t i o n  
p o t e n t i a l s  (HNP), w i t h  s t r o n g  bases hav ing an HNP less  than 150 mV, weak bases 
between 150 and 350 mV, and very  weak base g r e a t e r  than 350 mV. Examples o f  
weak bases would be p y r i d i n e s  o r  q u i n o l i n e s  w h i l e  amides would be t i t r a t e d  as 
very weak bases. Pr imary and sec0ndar.y a n i l i n e s  t i t r a t e  as very  weak bases 
s i n c e  they w i l l  a c e t y l a t e  and then t i t r a t e  as amides. 
t h a t  n o t  a l l  n i t r o g e n  compounds w i l l  t i t r a t e .  Conversely n o t  o n l y  n i t r o g e n  
c o n t a i n i n g  compounds w i l l  t i t r a t e ,  as an example, some s u l f o x i d e s  t i t r a t e  
as very  weak bases. 

It should be understood 

Physica l  Proper t ies  

Some of  the  phys ica l  propert ie;  a: sa111p1s i  and 2 a r e  shown i n  Table 4. 
AS expected from t h e  conclusions o f  t h e  s imu la ted  d i s t i l l a t i o n s ,  
a heav ie r  sample. 
a l l  i n d i c a t e  t h a t  Sample 2 does indeed represent a h i g h e r  average molecu la r  weight 
coal t a r .  

sample 2 i s  
The h i g h e r  s p e c i f i c  g r a v i t y ,  v i s c o s i t y  and heat  o f  combustion 

TABLE 4. - Physica l  P r o p e r t i e s  

0.962 0.977 
3.55 cent is tokes  13.16 cent is tokes  

16,073 B t u / l  b 17,256 B t u / l b  

S p e c i f i c  g r a v i t y  a t  6OoF 
V i s c o s i t y  a t  100°F 
Heat o f  Combustion 

E 1 emen t a  1 Ana lyses 

The elemental analyses o f  samples 1 and 2 i n d i c a t e  a marked d i f f e r e n c e  i n  
oxygen content  as shown i n  Table 5. 

TABLE 5.  - Elemental Analyses 

Sample 1 Sample 2 

Carbon 77.80 86.33 
Hydrogen 10.22 10.43 
N i t rogen 
S u l f u r  0.23 0.18 
Oxygen 
-- 
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This i s  shown i n  Table 6, where t h e  composi t ion of samples 
This change i n  oxygen c o n t e n t  i s  a t t r i b u t e d  t o  t h e  r e l a t i v e  amounts o f  t a r  

acids i n  each sample. 
1 and 2 vary n o t i c e a b l y  w i t h  respec t  t o  the r e l a t i v e  amounts o f  t a r  ac ids .  
Pre l im inary  mass s p e c t r a l  a n a l y s i s  o f  t he  t a r  a c i d  f r a c t i o n  f rom Sample 1 showed 
the  m a j o r i t y  o f  the  f r a c t i o n  t o  be s u b s t i t u t e d  phenols which would h e l p  e x p l a i n  
the  h i g h e r  oxygen conten t  i n  sample 1 compared t o  sample 2. 

Sample la 

TABLE G .  - Composition o f  Coal Tar, by Weight Percent 

b Sample 2 

4.82 

Tar Base 
Tar Ac id  
Neut ra l  

4.45% WB, 0.36% VWB 
0.058% VWB 
0.037% WB, 0.145% VWB 

4.0 
42.1 . 
53.9 

8.7 
14.5 
76.8 

ag0.9% recovery o f  sample 1 
b96.4% recovery o f  sample 2 

The d i f f e r e n c e  i n  t a r  a c i d  c o n t e n t  between t h e  two samples i s  proposed t o  
be due t o  Some basic change i n  t h e  c o n d i t i o n s  producing the  two samples. A t  the  
t ime Sample 1 was produced, t h e  a i r  i n j e c t i o n  r a t e  i n t o  t h e  combustion zone was 
considerably less than a t  t he  t ime Sample 2 was formed. Higher a i r  i n j e c t i o n  
ra tes  are associated w i t h  h i g h e r  coal  u t i l i z a t i o n ,  h igher  gas produc t ion  r a t e ,  
and h i g h e r  e x i t  temperature o f  t he  produced gas. This would suggest t h a t  t h e  
coal t a r s  c o l l e c t e d  i n  Sample 2 e i t h e r  were being formed a t  h i g h e r  temperatures 
o r  were passing through a h i g h e r  temperature f lame f r o n t  (combustion zone). 
F i e l d n e r  and Davis ( 5 )  have r e p o r t e d  a change i n  composi t ion o f  coa l  t a r  w i th  
i n c r e a s i n g  carbon iza t ion  temperature. 
causes a decrease i n  t a r  a c i d  conten t  which agrees w i t h  the  comparison of 
Samples 1 and 2 (Table 6) .  
meters measured d u r i n g  t h e  experiment, t h i s  evidence i n d i c a t e s  t h a t  Sample 2 was 
indeed produced a t  a h i g h e r  temperature than Sample 1. 

They s t a t e d  t h a t  i n c r e a s i n g  temperature 

With t h e  inc rease i n  b o i l i n g  range and o t h e r  para- 

To ta l  Ni t roqen, T o t a l  S u l f u r  and Nonaqueous T i t r a t i o n  
o f  Base, A c i d  and Neut ra l  F rac t ions  

The r e s u l t s  o f  cou lomet r ic  de terminat ion  o f  n i t r u g e n  and s u l f u r  p lus  the  
nonaqueous t i t r a t i o n s  o f  t h e  t a r  base, t a r  a c i d  and n e u t r a l  f r a c t i o n s  o f  samples 
1 and 2 are  shown i n  Table 7.  

TABLE 7. - Tota l  N i t rogen,  To ta l  S u l f u r ,  and T i t r a t a b l e  
N i t rogen f o r  Acid, Base and Neut ra l  F rac t ions  

Sample 1 
Tar Base 
Tar A c i d  
Neut ra l  

Tar Base 
Tar Ac id  
Neut ra l  

Sample 2 i 
Total  S u l f u r  I T o t a l  N i t r o g e n  I T i t r a t a b l e  N i t rogena 

I 1 
0.00% 9.64% 
0.33 1 0.35 
0.02 0.08 

8.10% WB, 1.36% VWB 
0.264% WB, 0.081% VWB 
0.035% VWB 

0.23 
0.14 
0.20 

aHB and VWB r e f e r  t o  weak and very weak base 
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As can be seen from Table 7 ,  the d i s t r i b u t i o n  of s u l f u r  in the separa te  
f r ac t ions  seems t o  be random and the re fo re  no conclusions have been drawn as t o  
t h e i r  compound t,ypes o r  explain their d i s t r i b u t i o n .  An i n t e re s t ing  po in t  about 
the nitrogen values 
twice the weight percent t a r  base t h a t  sample 1 conta ins ,  the t o t a l  nitrogen of 
sample 2 ' s  t a r  base f r a c t i o n  i s  about ha l f  t h a t  o f  sample 1 ' s  t a r  base f r ac t ion .  
This would suggest t h a t  the t a r  bases in sample 2 have a higher average molecular 
weight t h a n  those of sample 1. 

The nonaqueous t i t r a t i o n s  of t he  two d i f f e r e n t  t a r  base f r ac t ions  ind ica t e  
the poss ib i l i t y  o f  pyr id ines  and quinolines as weak bases with the  added poss ib i l i ty  
of an i l i nes  t i t r a t e d  as very weak base. 

i s  the f a c t  t h a t  while samDle 2 contains approximately 

uv MS 

hmax a t  100% 
262 n m  m/e 79 

hmax a t  100% 
257 n m  m/e 93 

Amax a t  100% 
260 nm m/e 107 

hmax a t  90% 
255 nm m/e 93 

10% 
m/e 107 

hmax a t  90% 
258 nm m/e 107 

8% m/e 
121 

Xmax a t  90% 
263 nm m/e 107 

Iden t i f i ca t ion  of Selected Components i n  the Tar  Base Fraction 

Twelve d i f f e r e n t  components were f r ac t iona ted  by  G L C  from Sample 1 and 
spec t r a l  da ta  were obtained on each. These twelve peaks cons t i tu ted  69% of the 
base f rac t ion  of Sample 1. Compound types have been assigned t o  a l l  separated 
components and s p e c i f i c  s t r u c t u r e s  in some cases.  Assignments were accomplished 
with the combined a i d  of N M R ,  MS, U V  and GLC da ta .  The r e su l t s  a r e  tabula ted  in  
Table 8. 

Compound 
Type o r  

Compound 

pyridine 

2-picoline 

2 ,6- lu t id ine  

3-picoline,  
4-picoline 
and 2-ethyl 
pyridine 

2 ,4 - lu t id ine ,  
2 ,5- lu t id ine  
plus some methyl 
ethyl pyridine 

2,3-lutidine 

TABLE 8. - Tabulated Spectra on Separated Components From 
Tar Base Fraction o f  Sample 1 

4 

5 

6 

I -  

14.9 

17.3 

18.3 

Compyen t / - t~ 

8.9 

11 .o 

3 1 1 3 . 1  

% Total 
of Base 
Fra c t  i or 

1.18% 

6.40 

6.20 

9.61 

12.90 

3.22 

NMR Predominant Peaks 

Triplet-67.10; T r ip l e t -  
67.50; Doubl et-68.45 

Single t -& 2.41; Quar t e t -  
66.95; Tri plet-6 7.36; 
Doublet-68.33 

Si ngl et-6 2.37 ; Doubl e t -  
6 6.74; Tri plet-6 7.24 

Tr ip le t -6  1.24; S ingle t -  
6 2.24; Quartet-& 2.72 ; 
Mu1 ti pl et-6 6.98; 
Multiplet-67.35; 
S i  n g  1 e t-6 8.30 

T r i p l e t 4  1.21;  S ingle t -  
6 2.17; Singlet-6 2.36; 
Q u a r t e t 4  2.65 ; 
Mu1 t i  plet-66.77 ; 
Mu1 t iplet-6 7 .22 ;  
Doublet-68.17 

Singlet-62.18; S ingle t -  
6 2.36; Mu1 t i p l e t -6  6.81 ; 
Doublet-67.19; S ingle t -  
6 8.15 
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TABLE 8. - Tabulated Spectra on Separated Components From 
Tar  Base F r a c t i o n  o f  Sample 1 (Continued) 

uv MS 

Amax a t  15% 
262 nm m/e 107 

79% 
m/e 121 

hmax a t  93% 
283 nm m/e 93 
hmax a t  
231 nm 

hmax a t  97% 
285 nm m/e 107 
hmax a t  
235 nm 

hmax a t  92% 
286 nm m/e 121 

\ 

Compound 
Type o r  
Compound 

t r i m e t h y l  
p y r i d i n e  and 
an e t h y l  
p y r i d i n e  

a n i l i n e  

2-methy lan i l ine  

a dimethyl  
a n i l i n e  and an 

! 

hmax a t  
235 nm 

hmax a t  
313 nm 
hmax a t  
270 nm 

hmax a t  
315 nm; 
xmax a t  
265 nm 

I 

e t h y l a n i l i n e  

63% qu ino l ine ,  a 
m/e129;dimethyl  a n i l i n e  
16% d e  and a t r ime thy l  
121; 9% a n i l i n e  
m/e 135; 
8% m/e 
94 

45% m/e a methyl q u i n o l i n e ,  
143; a C3 a n i l i n e ;  
22% d e  q u i n o l i n e ,  a 
135; d imethy lqu ino l ine  
17% mle 

Component 

7 

8 

9 

10 

11 

12 

t R a  
I_ 

19.2 

31.1 

34.7 

38.1 

39.1 

10.5 

- 

% T o t a l  
o f  Base 
- rac t i on  

7.11 

5.98 

4.88 

2.54 

4.08 

5.02 

N M R  Predominant Peaks 

Tr ip le t -61 .21 ;  S i n g l e t -  
62.14; S i  ng l  et-62.32; 
Quartet-62.59; S i n g l e t -  
66.58; Doublet-67.34 

Broad Singlet-63.36; 
Quartet-66.52, T r i p l e t -  
66.96 

Singlet-62.15; Broad 
Sing1 et-63.28; 
Mu l t ip le t -66 .32 ;  
Tr ip le t -66 .84  

Tr ip let-61.15; S i n g l e t -  
62.10; Quartet-62.45; 
Broad Singlet-63.32; 
Mu1 t ip le t -66 .25 ;  
T r i  p let-66.86 

Doublet-61.15; S i n g l e t -  
62.05; Mu1 t i p 1  et-66.10 
to68.10; Singlet-68.80 

Tr ip le t -61 .12 ;  Quartet- 
62.40; Singlet-62.62; 
Ooubl e t -  6 2.75 ; 
Mu1 t i p l e t - 6 7 . 0 4  t o  
68.00; S ing le  t -68.78 

a~~~ r e t e n t i o n  t imes a r e  r e l a t i v e  t o  a i r  

As can be seen f rom t h e  data presented, a l l  t he  components separated were n o t  
pure compounds, but a compound t y p e  can be determined from t h e  spec t rograph ic  data.  
The r e s o l u t i o n  o f  t h e  GLC tended t o  drop o f f  as the  heav ie r  components were e lu ted .  
Due t o  the  more complex na ture  o f  t h e i r  spec t ra  and the g r e a t e r  number o f  p o s s i b l e  
s t r u c t u r e s ,  s p e c i f i c  s t r u c t u r e s  have no t  been assigned t o  some o f  these heav ie r  
components. 

qu ino l ines .  
46.6% o f  t he  base f r a c t i o n  was s u b s t i t u t e d  p y r i d i n e s ,  13.4% a n i l i n e s ,  and 9.1% 

The m a j o r i t y  o f  t he  remainder i s  probably s u b s t i t u t e d  p y r i d i n e s  s ince  
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they a r e  e lu ted  a f t e r  component #7 and before #S which i s  a n i l i n e .  Comparing 
this ana lys i s  with the  work o f  Karr, e t . a l .  (5), who found the majority of the 
t a r  base f rac t ion  o f  a low temperature coal t a r  t o  be quinol ines ,  i nd ica t e s  t h a t  
t h i s  coal t a r  was produced under conditions o the r  than those producing low tempera- 
ture coal t a r s .  

The base f r ac t ion  from Sample 2 was a l s o  subjected t o  ident ica l  GLC ana lys i s  
a s  the base f r ac t ion  from Sample 1. This sample a l s o  showed a wide d i s t r ibu t ion  
of components except t h a t  the majority of the f r ac t ion  was much heavier than t h a t  
from Sample 1. The GLC t r a c e  ind ica ted  s i x  resolved peaks w i t h  re ten t ion  times 
from 39.5 to  46.6 c o n s t i t u t i n q  approximately 45% of  the base f r ac t ion .  Comparing 
these retention times with those i n  Sample 1 suggests t h a t  these components are 
a lkyla ted  an i l i nes  o r  qu inol ines .  

subs t i t u t ed  quinolines.  As y e t ,  no s p e c i f i c  s t ruc tu res  have been assigned to any 
of the peaks. This would agree w i t h  Karr's work and would suggest t h a t  t he  coal 
tars a r e  formed under low temperature conditions. However, with o ther  evidence 
a l ready  presented, such as boi l ing  range, production r a t e s ,  gas e x i t  temperatures 
and t a r  acid content,  i t  i s  believed tha t  Sample 2 could not  have been produced 
a t  lower temperatures than Sample 1. 

NMR spec t ra  of f i v e  o f  these six peaks ind ica t e  these components t o  be 

CONCLUSIONS 

In sumnary, the composition o f  the coal t a r ,  p a r t i c u l a r l y  the basic f r ac t ion ,  
i s  reasonably well known. A decision on i t s  use a s  a petrochemical feedstock m i g h t  
be made from t h i s  information. However, t h e  conditions under which the  ccal t a r  
i s  produced a r e  s t i l l  unknown. Improved monitoring of t h e  combustion zone, 
e spec ia l ly  temperatures, w i l l  be included i n  fu tu re  experimentation a t  Hanna. 
Data from this addi t iona l  monitoring should allow more d e f i n i t e  conclusions to be 
drawn. Possible herb ic ida l  p rope r t i e s  of components i den t i f i ed  would requi re  
precautions aga ins t  s p i l l a g e  t o  minimize environmental impacts. Monitoring 
underground migration of t hese  organic  f l u i d s  t o  determine what e f f e c t  they may 
have on water supplies i s  being s tud ied .  
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